(interquartile range 1.0, 2.3) including 30 % CT, 3 % MRI, 36 % X-ray, and 31 % ultrasounds. Conclusion We found a low yield of surveillance imaging in the first 3 years for pT1 kidney cancer. Nearly 1000 imaging studies were performed to detect one relapse that required treatment. Further studies are needed to evaluate the clinical impact of imaging surveillance according to recent guidelines.
Introduction
Following radical or partial nephrectomy for stage I kidney cancer, local and metastatic relapse rates range from 1 to 2 and 1 to 10 %, respectively [1] . Although adjuvant systemic treatments are under active investigation in both the USA and Europe, postoperative surveillance remains the standard-of-care after the complete resection of tumor [2] .
Although history taking and physical examination are critical elements of surveillance, the rationale for surveillance imaging is to detect distant metastatic disease or local tumor recurrence before the development of signs or symptoms. It is presumed that detection of recurrence at an asymptomatic stage will allow earlier treatment, resulting in improved outcomes for the patient.
The American Urological Association (AUA) and National Comprehensive Cancer Network (NCCN) each recently released guidelines to provide a framework for kidney cancer surveillance for patients being managed by active surveillance, surgical resection, and thermal ablative therapies [2, 3] . Prior to these guidelines, postoperative surveillance protocols were based on recurrence patterns
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reported in retrospective series [4] [5] [6] [7] [8] [9] . However, the detection rates of imaging and impact on clinical decisionmaking have not been widely studied. Our objective was to examine the mode of relapse detection and subsequent treatment in patients with low-risk (pT1, N0, Nx) disease.
Methods
Our cohort consisted of 1821 patients treated with radical or partial nephrectomy for stage pT1 kidney cancer at our center from the years 2000-2012. Patients with synchronous, bilateral disease were excluded in our initial search. After removing patients with another cancer diagnosis (n = 417) who might undergo surveillance testing for reasons other than kidney cancer, our final cohort included 1404 patients. Scans for chest imaging (X-ray or CT) and abdominal imaging (CT, MRI, or ultrasound) were documented from our internal records as well as all available outside records. Scans performed after relapses were not included in our analysis.
For those patients documented as having a local or distant relapse, the site, mode of detection, and symptoms at relapse were recorded. When pathological confirmation of a relapse was not available, we relied on imaging and chart review. When relapse was detected, we determined the date of relapse and what additional treatment was received.
The minimum time period of surveillance recommended by the AUA and NCCN guidelines is 3 years [2, 3] . Hence, we conducted an analysis in which we calculated the rate of chest and abdominal imaging studies per year received by each patient for the first 3 years. The average number of imaging studies for patients with less than 3 years of follow-up and patients relapsing within 3 years was calculated until the last follow-up date or date of relapse. We hypothesized that patients would receive imaging studies more frequently based on procedure type or more aggressive disease. To test this hypothesis, we created a multivariable linear regression model for the rate of studies a patient received for the first 3 years adjusted for procedure type (partial vs. radical nephrectomy), pathological grade (1/2 vs. 3/4), stage (pT1A vs. pT1B), and tumor size (largest dimension). All statistical analyses were performed using Stata 12.0 (StataCorp, College Station, TX). Table 1 presents the cohort characteristics. In total, 21 patients had a relapse with a median follow-up of 4.1 years for patients who did not relapse (Supplemental table) .
Results
Seventeen (81 %) of the relapses were found by imaging alone, while 4 (19 %) patients presented with symptoms (Table 2) . Of the 17 patients with relapse detected by imaging, 13 (76 %) underwent immediate treatment, while 4 (24 %) were managed with observation. Figure 1 is a visual representation of when patients relapsed and how relapse was detected.
When we examined only the first 3 years of follow-up, 5762 imaging studies were performed on 1404 patients. The median number of studies per year per patient was 1.7 (interquartile range, IQR, 1.0, 2.3). The breakdown of types of studies was 30 % CT scans, 3 % MRIs, 36 % X-rays, and 31 % ultrasounds. A total of ten relapses were detected, including eight by imaging alone and two by symptoms. Six of 8 patients with a relapse detected by imaging received immediate treatment.
Additionally, we repeated our analyses looking at the rates of imaging for partial and radical nephrectomy patients separately. We found that for partial nephrectomy A total of three relapses were detected by imaging with two of those patients receiving treatment. We found that baseline risk and procedure type were associated with the rate of imaging studies received in the first 3 years. There was a statistically significant association between rate of studies and higher pathological grade 
Discussion
There is good evidence from retrospective studies that relapse after nephrectomy is closely associated with pathological stage and that the chest is the most common site of relapse [4] [5] [6] [7] [8] [9] . These studies each developed specific follow-up protocols for surveillance based on patterns of relapse, and only one recommended abdominal imaging for surveillance after nephrectomy for low-stage disease [9] . These studies did not distinguish different protocols based on type of nephrectomy, radical or partial, performed. However, recent population-based studies have demonstrated tremendous variability in the use of surveillance imaging, suggesting that physicians did not widely accept these protocols [10, 11] .
Recent AUA and NCCN guidelines recommend no more than annual chest imaging in the first 3 years and abdominal imaging in the first year followed by annually only at the discretion of the physician based on individual patient risk factors [2, 3] . While the NCCN guidelines recommend similar protocols for radical and partial nephrectomy, the AUA guidelines recommend cross-sectional imaging in the first year after partial nephrectomy and ultrasound, CT, or MRI in the first year after radical nephrectomy. It should be noted that this is based on expert opinion with no available supportive evidence.
In the current study, we found a very low yield of surveillance imaging, particularly in the first 3 years after surgery. More than 5500 imaging studies were performed on 1404 patients to detect 8 asymptomatic relapses, only 6 of which were treated. In other words, only 1 in 1000 studies led to a clinical action. Interestingly, 11 of 21 relapses occurred after the 3-year cutoff recommended by the NCCN and AUA. This would argue for a longer duration of surveillance than is recommended by current guidelines.
To our knowledge, only one other study has examined the detection rate of relapse by imaging after nephrectomy [12] . Similar to our study, the authors found a high rate of relapses beyond 3 years. In contrast to our findings, these authors found that current guidelines will miss a large number of relapses, particularly for low-risk patients and patients with abdominal relapses. Unfortunately, this study did not examine whether relapses could have been detected by symptoms or whether relapse detection would have affected clinical decision-making. This study is also notable for a higher rate of relapse than would be expected for low-risk disease, perhaps due to inclusion of patients dating back to 1970 [1] . We cannot necessarily assume that earlier detection of asymptomatic relapse portends a better outcome [13] . In fact, a substantial proportion of patients with relapse will have an indolent clinical course, although a relapse detected within the first year after surgery is a poor prognostic variable [14] . Distinguishing patients at risk for early relapse following surgery could further direct the use of imaging, as well as adjuvant and salvage therapies.
We believe that our findings support more judicious use of imaging surveillance. Intensive imaging for lowrisk patients may be a source of unnecessary radiation and healthcare expenditures. Considering the use of abdominal CT, there is a linear dose-response relationship between ionizing radiation exposure and risk of solid cancers or leukemia [15] . A recent review estimated 10-year cumulative radiation exposure of different kidney cancer surveillance protocols [16] . This study found significant variability in cumulative exposure, with some protocols exposing patients to well over 100 mSv, a level that has been associated with a 7.6 % attributable risk of carcinogenesis. Although a wide variability of radiation doses from CT examinations and the decreased risk of carcinogenesis with increasing age of exposure have been reported, our findings support decreased use of radiation [17] . We did not examine the development of secondary cancers in the current study. Patients with another cancer diagnosis were excluded to avoid counting diagnostic or surveillance imaging performed for another cancer.
Unnecessary tests also have important cost implications. From the mid-1990s through to the mid-2000s, use of advanced imaging among Medicare beneficiaries grew by more than 6 percent per year [18] , and increases in imaging costs outpaced the rate of increase in all other costs in cancer care [19] . This was in part due to self-referrals among physicians who part owned advanced imaging facilities such as CT or MRI [20] . During the time period of this study, only one single-center experience recommended cross-sectional chest imaging over chest X-ray in surveillance [9] . Fortunately, there are some signs that this growth in imaging costs is slowing, possibly due to efforts to reduce the use of tests with unproven medical value [18] . Some providers may order imaging studies to put patients more at ease. In fact in breast cancer, more frequent surveillance imaging is associated with worse patient-reported quality of life, increased costs, and no benefit in overall survival [21] .
We acknowledge that there are limitations to our analysis. The retrospective nature of the study likely underestimates the true number of imaging studies. The number and type of studies used were at the discretion of the treating physician prior to any published surveillance guidelines. While we excluded patients with another known cancer or bilateral, synchronous disease, we did not control for other benign conditions associated with imaging during the surveillance period.
In the absence of any prospective data, this is one of the first studies to evaluate the yield of surveillance imaging for detecting asymptomatic relapses and the subsequent affect on clinical decision-making. In this large cohort, we found that imaging alone detected few relapses that necessitated immediate treatment. We hope that the dissemination of AUA and NCCN surveillance guidelines will lead to a reduction in the number of unnecessary imaging studies.
